Cadmium inhibits the functions of eukaryotic MutS complexes.
Exposure of yeast cells to low concentrations of cadmium results in elevated mutation rates due to loss of mismatch repair (MMR), and cadmium inhibits MMR activity in extracts of human cells. Here we show that cadmium inhibits both Msh2-Msh6- and Msh2-Msh3-dependent human MMR activity in vitro. This inhibition, which occurs at a step or steps preceding repair DNA synthesis, is observed for repair directed by either a 3' or a 5' nick. In an attempt to identify the protein target(s) of cadmium inhibition, we show that cadmium inhibition of MMR is not reversed by addition of zinc to the repair reaction, suggesting that the target is not a zinc metalloprotein. We then show that cadmium inhibits ATP hydrolysis by yeast Msh2-Msh6 but has no effect on ATPase hydrolysis by yeast Mlh1-Pms1. Steady state kinetic analysis with wild type Msh2-Msh6, and with heterodimers containing subunit-specific Glu to Ala replacements inferred to inactivate the ATPase activity of either Msh2 or Msh6, suggest that cadmium inhibits ATP hydrolysis by Msh6 but not Msh2. Cadmium also reduces DNA binding by Msh2-Msh6 and more so for mismatched than matched duplexes. These data indicate that eukaryotic Msh2-Msh3 and Msh2-Msh6 complexes are targets for inhibition of MMR by cadmium, a human lung carcinogen that is ubiquitous in the environment.